The hunan promyelccytic cell line, HL-60, shows large changes in endogenous poly(ADP-ribose) and in nuclear ADP-ribosyl transf erase activity (ADPRT) during its induced myelocytic differentiation. DNA strand-breaks are an essential activator for this enzyme; and transient DNA strand breaks occur during the myelocytic differentiation of HL-60 cells.
Aim Li act
The hunan promyelccytic cell line, HL-60, shows large changes in endogenous poly(ADP-ribose) and in nuclear ADP-ribosyl transf erase activity (ADPRT) during its induced myelocytic differentiation. DNA strand-breaks are an essential activator for this enzyme; and transient DNA strand breaks occur during the myelocytic differentiation of HL-60 cells.
We have tested the hypothesis that these poet-mitcrtic, terminally differentiating cells are less efficient in DNA repair, and specifically in DNA strand rejoining, than their proliferating precursor cells. We have found that this hypothesis is not tenable. We observe that there is no detectable reduction in the efficiency of DNA excision repair after exposure to either dimethyl sulphate or Y-irradiation in HL-60 cells induced to differentiate by dimethyl sulphoxide. Moreover, the efficient excision repair of either dimethyl sulphate or Y-irradiatLon induced lesions, both in the differentiated and undifferentLated HL-60 cells, is blocked by the inhibition of ADPRT activity.
InUuducfcLon
The human promyelocytic cell line, HL-60, can be induced to differentiate along either the monocytic or myelocytic lineages depending on the choice of the inducing agent (for review please see ref. 1) . During dimethylsulphoxide (DMSO) induced myelocytic diiferentiation of HL-60 cells endogenous poly(ADP-ribose) increases substantially and there are large changes in the activity of the nuclear enzyme, ADP-ribosyl transferase, (ADPRT) (2) . Breaks in DNA are an essential activator of nuclear ADP-ribosyl transferase (3) and we have demonstrated the transient appearance of DNA strand breaks in HL-60 cells differentiating along the myelocytic lineage (4) . The transient appearance of ttese breaks raises the question whether these terminally differentiating cells are not proficient in DNA repair. Indeed, a number of studies have suggested that there may be a decrease in the DNA repair capacity of terminally differentiating cells including chick erythrocytes (5), chick neural retinal cells (6) , marine neuroblastana cells (7) and both avian and marine myotube nuclei (8) (9) (10) . Based on those and other similalr observations it has been argued that in poet-ntLtotic cells there is a less stringent requirement for efficient DNA RxcrlRion repair, because there is no further need for tiie replication of the genome and that deficiencies in the integrity of the gencme will not be passed to future generations. Indeed, deficiencies in DNA repair capacity, leading to the subsequent accumulation of mutations, haa been proposed as a possible mechanism in cellular ageing and carcincgenesis (11) (12) (13) . In contrast to these studies, other xtqxulfci have demonstrated proficient DNA repair capacity in terminally differentiated mammalian neuronal cells (11, 14) , in guinea pig melanocytes (15) and in mouse epidermal cells (16) . Comparison of repair capacity in rat and chick myotubes with their respective proliferating myoblasts has also failed to demonstrate a reduction in their repair capacity after the onset of terminal differentiation (17, 18) . Therefore, at the present tune, there is some controversy as to the proficiency of DNA repair in post-mitofcLc, terminally differentiating cells. This issue is important not only for understanding the relationship, if any, between DNA repair and ageing but is of mare direct importance in elucidating the mechanisms involved in alterations in DNA molecular weight which are detected in a number of examples of cytodifferentiation (18) (19) (20) (21) (22) (23) and in the function of nuclear ADP-ribosyl transferase (ADPRT) in cell differentiation (24) .
We have shown that during the onset of terminal differentiation in primary chick skeletal myoblasts, single-stranded DNA breaks are metabolically generated (18) . Differentiation in normal human bone marrow CFU-gm cells (19) and in mouse erythroleukaemic cells is also associated with the formation of DNA strand-breaks (20, 21) .
Resting, circulating human lymphocytes contain DNA strand breaks which disappear within four hours of mitogen stimulation (22, 23) .
Because of the widespread and important implications of these observations, it is necessary to ascertain whether these DNA strand-breaks are the passive product of alterations in DNA repair efficiency. In the present report, we have used a sensitive nucleoid sedlmentaticn technique to examine the <w.1s1m repair capacity of HL-60 cells following exposure to dimethyl sulphate (I*E) of Y -radiation, both before and after the induction of differentiation along the myelocytic lineage induced by DMSO.
Malmials end Methods
Cells and culture conditions are described in the preceding The effect of inhibition of adenosine diphophoribosyl transferase (ADPRT) activity on DNA repair was assayed after adding eitter 5 nM 3-amino benzanide or 2 mM 3-methoxybenzamide, which are competitive inhibitors of ADPRT activity (25) , to the cultures immediately after tte addition of D>B or following Y -irradiation. Alternatively, the acid analogues of these compounds, 3-aminobenzoic acid or 3-mettioxybenzoic acid, which are poor inhibitors of ADPRT activity (25) , were added to the cultures immediately after exposure to the DNA damaging agent, at the concentrations Indicated above.
DNA repair was assayed by the estimation of DNA strand-breaks by the nucleoid sedimentation method previously described (4).
Results
DNA strand-breaks formed after exposure of cells to low doses of either Y-radi ati.cn or DMS can be easily quantitated, using the nucleoid sedimentation procedure. This method, described in the preceding paper The inhibitors of ADPRT activity, 3-aminobenzamlde (5 mM) and 3-flBthoxybenzamidB (2 mM), retard the repair of ENA strand-breaks farmed by exposure to either 400 rads of Y-radiatLon (Fig. 4) , or 10 uM DMS (Fig. 5 ).
Ms inhibition of DNA repair is seen In both the the proliferating, At these concentrations neither the ADPRT inhibitors nor their acid analogues have a detectable effect on the rate of proliferation of control, undlfferentiated, HL-60 cells even over three days of culture (Fig. 6 ). Up to 5mM concentrations of these two compounds there was no apparent effect on cell growth. At higher concentrations the rate of cell proliferation was significantly slowed down. The inhibition of ADPRT activity is specific to benzamide and its amide analogues, all of which, including the most commonly used compounds 3-aminobenzamide and 3-raethaxybenzamide, block the activity of ADPRT; the acid analogues of these compounds do not inhibit ADPRT activity. However, the «VH-Hnrtai effects of high, lethal concentrationa of benzamide derivatives on growth and nucleotLde biosynthesis (29) are not specific to the amides but are randomly shared by the acid analogues as well.
Therefore, the correct use of ADPRT inhibitors, that la, at non-toxic concentrations and in conjuncticn with their acid analogues, offers a perfectly valid means of testing the effect of specific inhibition of ADPRT activity in different biological processes, including DNA excision repair and cellular differentiation.
